The use of samarium-doped ceria (SDC) electrolytes in SOFCs (solid oxide fuel cells) lowers the open circuit voltage (OCV) below the Nernst voltage (Vth). The OCV is calculated with Wagner's equation which is included in Nernst-Planck equation. However, using SDC electrolytes requires the verification of leakage currents. Considering the separation of Boltzmann distribution, the fundamental basis of this topic is discussed. A constant voltage loss without leakage currents due to a mixed ionic and electronic conducting (MIEC) dense anode was explained. Only carrier species having sufficient energy to overcome the activation energy can contribute to current conduction, which is determined by incorporating a different constant in the definitions of chemical potential and electrical potential. This difference explains the results using dense MIEC anodes.
Experiments and Results
The SDC electrolyte was 25 mm in diameter and 600 µm thick. Porous Pt electrode (10 mm in diameter) was attached as a cathode electrode. Ni-YSZ(5:5 using volume ratio) cermet was used as an anode electrode. Ni particle size was 5 mm. YSZ was 80 mm and sintered at 1400°C for 5 hours. Oxygen gas was fed to the cathode, and hydrogen gas with 3% steam was supplied to the anode as the fuel gas. The operating temperature was 1073 K. The time dependence of the output voltage was measured with 200 mA extra current (current density 255 mA/cm2) in two hours. During measurement, this current was stopped in 20 minutes. When the external current was 200 mA, output voltage was decreased during the measuring time. When the external current was stopped, output voltage (= OCV) was constant, as shown in Fig. 1 . 
Discussions
The equation for OCV using SDC electrolytes is, OCV = Vth -R i I i -polarization voltage losses.
(1) Here ionic resistance (R i ) is constant, but polarization voltage losses should be changed with time, because every electrode worsens with time. Consequently, the value of OCV using SDC electrolytes should be changed. So there are contradictions with experimental results.
Considering the separation of Boltzmann distribution, the fundamental basis of this topic is solved. The Boltzmann distribution of oxygen ions is shown in Fig. 2 .
Ions with an energy over the ionic activation energy become carriers that can escape from the electrolyte. Since the Boltzmann distribution cannot be separated using passive filters, a problem known as the "Maxwell's demon," the electrochemical potential should be identical between carriers and non-carriers. η i_hopping = η i_vacancy (2) Here, η i_hopping and η i_vacancy are the electrochemical potential of hopping ions and ions in vacancies, respectively. Therefore the correct distribution of hopping ions is shown in Fig. 3 . Fig. 2 The Boltzmann distribution OCV = Vth -Ea/2e (7) Equation 7 was already discovered empirically. As an example, the OCV using SDC electrolytes is 0.8 V at 1073 K (= 1.15 V -0.7 eV/2e). From Equation 7, the OCV is constant during electrode degradation. Consequently, Equation 7 is supported by both the empirical equation and experimental result. 
Conclusions

